A detailed non-LTE analysis of solar CN spectra strongly suggests a revised carbon abundance for the Sun. We recommend a value of log Ac = 8.35 ± 0.15 which is significantly lower than the presently accepted value of log Ac = 8.55. This revision may have important consequences in astrophysics. Subject headings: abundances, solar -atmospheres, solar -molecules I. INTRODUCTION In a series of papers (Mount, Linsky, and Shine 1973; Mount and Linsky 1974a, 5, 1975, hereafter referred to as papers I-IV) 1 we discussed the physical properties of the upper solar photosphere based on detailed analyses of the CN (0, 0) B-X 3880-3884 À, CN (1, 1) B-X 3868-3872 Ä, and CH (0, 0) C-X 3143-3145 À band-head regions. These analyses first assumed electronic-vibration-rotation LTE, and then, in the case of the CN (0, 0) B-X band, included departures from LTE in the electronic excitation (vibration-rotation LTE should be a good approximation for CN B-X in the line-forming region of the solar photosphere). For current solar models we found significant departures from LTE. We also found that when non-LTE effects were taken into account the CN (0, 0) B-X band head intensity is a sensitive diagnostic of solar carbonnitrogen abundances and, to a lesser extent, is dependent on the photospheric temperature distribution. A similar behavior was found for this band in the K giant Arcturus (Mount, Ayres, and Linsky 1975) .
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Based on a non-LTE analysis of the CN (0, 0) B-X band head we derived a 0.26 dex decrease in the accepted solar carbon abundance (log ^4c = 8.55 + 0.05, [log An = 12]; Lambert 1968) to fit the observations with the Mount-Linsky II model and a 0.15 dex decrease for model M (Vernazza, Avrett, and Loeser 1975) (see Paper IV). In this Letter we wish to show that the solar carbon abundance can be accurately determined from a non-LTE analysis of CN spectra essentially independent of the assumed photospheric temperature distribution.
II. MODELS Since the intensities in the CN (0, 0) B-X band-head region are slightly sensitive to the upper photosphere temperature distribution, it is necessary to include the * Staff Member, Laboratory Astrophysics Division, National Bureau of Standards. 1 We wish to correct a typographical error in Paper I: In Table  III the value of/ e iÇoo should read 3.20 X 10 -2 .
full range of models currently proposed in order to derive a carbon-nitrogen abundance. We have considered four such models which are shown in Figure 1 . Three of these models have temperature minima near 4150 K. These are Model M (Vernazza et al. 1975) which is based on the observed continua in the ultraviolet, visible, infrared, and millimeter wavelength ranges, the HSRA (Gingerich et al. 1971 ) also based on these continua, and Mount-Linsky II designed to fit observed and LTE CN synthetic spectra (Paper II). perature minimum of 4350 K was designed to match the inner wings of the Ca n H and K lines with synthetic spectra assuming the partial redistribution formulation (cf. Shine, Milkey, and Mihalas 1975) . Since the scattering for the H and K wings is nearly coherent in character, a temperature minimum as cool as 4150 K appears to be inconsistent with these data. On energy balance grounds Athay (1970) has derived a temperature minimum of 4330 ± 150 K. The range in temperature distributions among these models is a measure of the present uncertainties. Figure 2 shows the ratio of line source function to the Planck function for the CN (0, 0) B-X 3883 Â band for the four solar models discussed above. The non-LTE effects are significant in all cases, and the departures for the different models are discussed in detail in Paper IV. Briefly, the departures can be explained in terms of the relevant thermalization lengths A(r) for each model, and upon the relative values of the mean radiation field J(t) and Planck function B(r), which in turn depend upon the gradient of the temperature with height in the model atmosphere. J(r) follows B(t) more closely for the flatter temperature models (e.g., TEM4350), and the line source function is closer to B(t) in these cases. The steeper temperature models (e.g., M) have line source functions significantly larger than B(t) due to the importance of scattering as /(r) > B(t) throughout much of the photosphere. In LTE the differences between these models would result in grossly different synthetic CN spectra; but the non-LTE effects largely compensate for the poor fits to the observations obtained for models other than Mount-Linsky II which was specifically designed to fit in LTE. Thus, we find the magnitude of the non-LTE effects to be sufficiently Vol. 202 large that the synthetic CN spectra are not very sensitive to the adopted photospheric model. This is important since the CN spectrum is extremely sensitive to the carbon-nitrogen abundances.
III. ATOMIC ABUNDANCES The currently accepted value for the solar carbon abundance is log Ac = 8.55 ± 0.05 derived by Lambert (1968) . This value has been criticized in Papers I-IV on the basis that (1) the analysis used C i/-values accurate to ±50 percent (Wiese, Smith, and Glennon 1966) , (2) the analysis used a CN dissociation potential 0.39 eV smaller than presently accepted values (Arnold and Nicholls 1973) which implies a very significant reduction (approximately 50 percent) of inferred Ac below the 8.55 value, (3) the method gave a low determination of log Ac = 8.32 from the CH A-X system which appears to be accurate (Hesser and Lutz 1970), and (4) the analysis used a solar model with a 4730 K temperature minimum which has been replaced with models with much lower temperature minima (see Vernazza et al. 1975 ), thus implying a decreased value of carbon abundance to produce CN lines of given equivalent width. This is qualitatively confirmed by an LTE analysis of CN by Grevasse and Sauvai (1973) .
Assuming LTE but the Arnold and Nicholls (1973) value of the CN dissociation potential and more realistic model photospheres, we derived in Paper II log GIc^In) = 16.13 ± 0.10. Thus for an assumed value of log ^4n = 7.93 (see below), we obtained log Ac = 8.20 ± 0.10. This low value was confirmed in Paper III where we derived log Ac = 8.30 ± 0.20 from an LTE analysis of the CH (0, 0) 3144 Â band, independent of the assumed value of log An. These two abundance analyses are consistent but somewhat uncertain because they assume LTE and are dependent on the choice of model. In the present non-LTE analysis we find that changes in the carbon or nitrogen abundance have an equivalent effect on synthetic spectra. Consequently, we can most accurately determine the product AcA^ for each model to match the observed band specific intensities at disc center. These AcA^ abundances are given in Table 1 together with the comparison with disk center and limb observations (cf. Paper IV). Also given are bandhead intensities for the HSRA with Lambert (1968) abundances. We estimate that log G4c^4n) is accurate to ±0.10 taking into account errors in absolute calibration and experimentally determined molecular constants.
Using the Lambert (1968) nitrogen abundance of log An = 7.93, the carbon abundances for the four models range from 8.29 to 8.40 (see Table 1 ). As a result we recommend a new carbon abundance of log Ac = 8.35 ±0.15 which includes the abundance discrepancies between the models and the ±0.10 dex error in AcAn-It is unlikely that the solar nitrogen abundance is less than 7.93, and the reader is referred to Withbroe (1971) for a comprehensive discussion. Withbroe lists the solar nitrogen abundance in the range 7.90-8.06, and recommends log A n = 8.05. If log An is larger than 7.93, then log Ac is less than 8.35, and, in particular, if the Withbroe value of 8.05 (see also Cameron 1973) is used, then we recommend a solar carbon abundance of 8.23 ± 0.15. We emphasize that we have determined the C/N ratio only to the extent that the Lambert (1968) nitrogen abundance is correct. If that abundance is incorrect, then the carbon abundance will be adjusted such that our determination of log (AcAn) remains constant.
We note that our non-LTE analysis of CN leads to a carbon abundance that is essentially independent of Arnett, W. D. 1973 , Ann. Rev. Astr. and Ap., 11, 73. Arnold, J., and Nicholls, R. 1973 , J. Quant. Specltosc. and Rad. Trans., 13, 115. Athay, R. G. 1970 , Ap. 161, 713. Ayres, T. 1975 assumed photospheric model and only slightly higher than the LTE result. In our analysis we have ignored the CN A system and the B-A and A-X transitions. It is likely that the effects of incorporating the A system into the analysis will produce a situation slightly closer to LTE so that our present analysis has overestimated the non-LTE effects. As a consequence of this effect log Ac could be slightly smaller than the result derived above. We also point out that our abundance determination is independent of micro-and macroturbulence since the match of observation and theory is at the band head where many lines overlap.
The decrease in solar carbon abundance recommended in this Letter has important astronomical consequences. It is clear that astronomers should not scale theoretical results to the solar carbon abundance with great certainty. Most determinations of stellar carbon abundance are scaled to the solar abundance, and thus theories predicting that abundance should reflect the uncertainties involved. In addition, a decreased carbon abundance may indicate a small change in CNO cycle rates, and the decreased Z (heavy-element abundance) will slightly decrease stellar interior opacity (Cox and Giuli 1968) and marginally improve the solar neutrino flux discrepancy (Ulrich 1974) . Also, a decreased 12 C/ 16 0 ratio will affect nucleosynthesis theories, and the reader is referred to Arnett (1973) and Schramm and Arnett (1973) for a comprehensive discussion. Note again, this ratio depends on the assumed nitrogen abundance as discussed above.
